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1 | INTRODUCTION

A global pandemic requires a health system response
that directs limited resources to those most in need. The
Director General of the WHO formally declared the out-
break of novel coronavirus (COVID-19) to be a 'Public
Health Emergency of International Concern' on 30 January

Abstract

Aims: To determine if the frequency of severe diabetic ketoacidosis at presentation of
new-onset type 1 diabetes to an Australian tertiary centre increased during the initial
period of restrictions resulting from the COVID-19 pandemic (March to May 2020).
Methods: Data were collected on presentations of newly diagnosed type 1 diabetes
as well as on all paediatric presentations to the emergency department of a tertiary
centre between 2015 and 2020. Data from the period of initial COVID restrictions in
Australia (March to May 2020) were compared to the period March to May of the
previous 5 years (pre-pandemic periods).

Results: The number of new diagnoses of type 1 diabetes was comparable in the
pandemic period and pre-pandemic periods (11 in 2020 vs range 6—10 in 2015-2019).
The frequency of severe diabetic ketoacidosis was significantly higher in the pan-
demic period compared to the pre-pandemic periods (45% vs 5%; P <0.003), odds
ratio 16.7 (95% CI 2.0, 194.7). The overall frequency of diabetic ketoacidosis was
also significantly higher during the pandemic period (73% vs 26%; P <0.007), odds
ratio 7.5 (95% CI 1.7, 33.5). None of the individuals tested positive for COVID-19.
Presentations of people aged <18 years to the emergency department decreased by
27% in the pandemic period compared to the average of the pre-pandemic periods
(4799 vs 6550; range 6268 to 7131).

Conclusions: A significant increase in the frequency of severe diabetic ketoacidosis
at presentation of type 1 diabetes was observed during the initial period of COVID-
19 restrictions. We hypothesize that concern about presenting to hospital during a
pandemic led to a delay in diagnosis. These data have important implications for
advocacy of seeking healthcare for non-pandemic-related conditions during a global

pandemic.

2020, and issued a set of temporary recommendations L
In Australia, the Prime Minister activated the 'Australian
Health Sector Emergency Response Plan for Novel
Coronavirus' > on 27 February 2020. The national plan
outlined a strategy to reduce disease transmission and re-
duce the burden on the healthcare system. The first death

attributable to COVID-19 in Australia was reported on 1
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March *. Restrictions enacted in Australia included school
shutdowns and the closure of non-essential businesses,
while the majority of outpatient health appointments were
conducted by telehealth. These restrictions successfully
flattened the curve with the expected surge of COVID-
19 cases and uncontrolled community spread not seen in
Australia during the time period described in this study.
However, concern has emerged that, with fewer presenta-
tions to general practitioners and emergency departments 4
other serious health concerns may have gone undiagnosed.

The prevalence of diabetic ketoacidosis (DKA) at di-
agnosis of type 1 diabetes in the paediatric population in
Australia was recently reported as 24.5% 5. DKA is an
avoidable complication if symptoms and signs of diabe-
tes mellitus are recognized early ° DKA places increased
burden on the healthcare system and may require inten-
sive care support in tertiary care settings for management.
Additionally the presence of DKA at diagnosis has been
associated with poor long-term glycaemic control ’. During
a pandemic, it is important to minimize avoidable admis-
sions to intensive care units when resources may be lim-
ited. Emerging research during the COVID-19 pandemic
has shown an increase in children with type 1 diabetes pre-
senting with DKA in countries such as Italy ® and the USA
% A recent study of the German population found the fre-
quency of severe DKA was significantly higher during the
COVID-19 pandemic, and that children under the age of 6
years were at the highest risk 10

We report one Australian centre’s experience of presenta-
tions of newly diagnosed type 1 diabetes in a paediatric co-
hort during the COVID-19 pandemic restrictions (March to
May inclusive) compared to pre-pandemic presentations in
the March to May periods of the years 2015 to 2019.

2 | PARTICIPANTS AND METHODS
All children and adolescents aged <18 years with the ini-
tial diagnosis of type 1 diabetes treated at the John Hunter
Children’s Hospital between 1 January 2015 and 31 May
2020 were identified from the hospital paediatric endocrine
database and digital medical records. Age, date of diag-
nosis, HbA ., initial venous blood gas result (pH, bicar-
bonate and glucose), C-peptide, type 1 diabetes-associated
antibody status (presence of glutamic acid decarboxylase,
islet antigen 2, islet cell and insulin antibodies) and the
results of COVID-19 tests were collected. In addition, the
total number of presentations of children and young people
aged <18 years to the John Hunter Hospital Emergency
Department was collected for the March to May period in
2015 to 2020.

We defined data collected from 1 March 2020 to 31 May
2020 as the ‘pandemic period’ and the corresponding March

What's new?

e Diabetic ketoacidosis is an avoidable complica-
tion of type 1 diabetes, associated with significant
morbidity and, rarely, mortality.

e During COVID-19 restrictions, healthcare utiliza-
tion has changed significantly.

e We report a significant increase in the frequency
of severe diabetic ketoacidosis at presentation of
new-onset type 1 diabetes during the COVID-19
pandemic at our tertiary centre.

to May periods in the 5 years prior to this as ‘pre-pandemic’
conditions.

Diabetic ketoacidosis was defined as a venous pH <7.3
on presentation, with severe DKA represented by a pH <7.1
as per the 2018 International Society for Paediatric and
Adolescent Diabetes (ISPAD) guidelines HoA diagnosis of
type 1 diabetes was defined as the presence of DKA or the
presence of hyperglycaemia and autoantibodies associated
with type 1 diabetes 2,

Odds ratios, Fisher’s exact test and ANovA were used to
test for differences between the pandemic and pre-pandemic
groups.

2.1 | Ethics

Ethics approval was granted by the Hunter New England
Health Research Ethics Committee (Approval number:
AU202006-10).

3 | RESULTS

The age of onset, gender, total presentations and classifica-
tion by severity of DKA are presented in Table 1 and Fig. 1
for each of the March to May periods in 2015 to 2020. Data
collection was complete, with no missing data. The numbers
of new presentations of type 1 diabetes in the March to May
period across 2015 to 2020 were fairly consistent; the pre-
pandemic number ranged from 6 to 10 (median 9) across
2015 to 2019, compared with 11 in 2020. There was no sig-
nificant difference in age or gender across the groups.

The frequency of severe DKA at the time of new type 1
diabetes diagnosis was significantly higher during the period
of pandemic restrictions compared to pre-pandemic (45% vs
5%; P <0.003), odds ratio of 16.7 (95% CI 2.0, 194.7). The
frequency of DKA (mild, moderate or severe DKA) was also
significantly higher during the period of pandemic restric-
tions compared to pre-pandemic conditions (73% vs 26%; P
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TABLE 1 Demographic details, initial investigations and number of presentations by severity of children with newly diagnosed type 1

diabetes for March to May, 2015 to 2020

New diagnoses of type 1 diabetes, March-May

2020 2019
Total 11 9
Demographics
Age, years 8.0+4.3 7.9+4.0
Male, % 27 56
Initial investigations
pH 7.16+0.19 7.32+0.13
HCO3- 10.9+9.4 18.0+£7.4
Glucose 27.0+7.4 21.6+6.8
HbA ., mmol/mol 112431 114.2+41
HbA,., % 12.3+2.7 12.1+3.2
COVID PCR positive 0 -
Presentations by severity, n (%)
Non-DKA 3(27) 7 (78)
Mild/moderate DKA 3(27) 1(11)
Severe DKA 5 (45) 1(11)

Abbreviations: DKA, diabetic ketoacidosis; NS, non-significant.

Note: Values are mean + sp, unless otherwise indicated.

2018 2017 2016 2015 pP?
10 8 6 9 NS
10.2+4.9 9.1+4.2 10.2+5.4 8.4+5.3 NS
50 63 50 33 NS

7.27+0.12 7.35+0.11 7.3240.15 7.33+£0.07 <0.001
15.6+8.0 21.9+6.7 17.3+7.1 19.1+6.8 <0.001

25.9+7.1 165477 247+102  25.6+109  <0.05
101+31 91.9+34 90.7+23 109432 NS
11.4+2.4 10.6+3.1 10.542.1 120428 NS
5(50) 7 (88) 4(67) 8 (89) <0.05
5(50) 0 2(33) 1(11) NS
0 1(12%) 0 0 <0.003

*Testing pandemic period against the combined (2015-2019) pre-pandemic periods.

<0.007), odds ratio 7.5 (95% CI 1.7, 33.5). Initial pH, bi-
carbonate and glucose levels were significantly different in
the pandemic group compared to the pre-pandemic group (P
<0.001 for pH and bicarbonate, P <0.05 for glucose). No
COVID-19-positive cases were identified.

2015 2016 2017

The number of presentations per month of people aged <18
years to the John Hunter Hospital Emergency Department for
the March to May period from 2015 to 2020 is shown in Fig.
2. During the pandemic period the number of presentations
was 4799 whereas in the 5 years prior the average was 6550

12

10

2018 2019 2020

mSevere DKA uMild/Moderate DKA Non-DKA

FIGURE 1 Presentations of newly diagnosed type 1 diabetes for March to May in 2015 to 2020. DKA, diabetic ketoacidosis.
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FIGURE 2 Annual presentations per month of patients aged <18 years to John Hunter Hospital Emergency Department for March to May in

2015 to 2020.

(4799 vs 6550; range 6268 to 7131; P <0.01), a difference
of 27%.

4 | DISCUSSION
This study reports a significant increase in the frequency of
children and adolescents presenting with severe DKA at onset
of type 1 diabetes during the COVID-19 pandemic. The rea-
son for this is unclear. This was not attributable to COVID-
19 infection in the individuals. However, we hypothesize that
presentations with new-onset type 1 diabetes may have been
delayed as a result of concern regarding COVID-19 and the
restrictions put in place to combat the COVID-19 pandemic.
During the pandemic period, people were advised to minimize
contact with others. Children had less contact with people out-
side of their primary household, with online learning rather
than face-to-face schooling, a reduction in contact with friends
and family and an increase in virtual medical appointments.
Unemployment rates rose and many workers had to adapt to
working from home. Disruption to everyday routine could eas-
ily have led to the symptoms of type 1 diabetes being missed.

Additionally, the media showed images of people lined
up outside hospitals to be tested for COVID-19 and overseas
infection rates and deaths were widely reported. It is possible
that people felt that going to their doctor or the emergency
department would have placed them at risk of contracting
COVID-19. This is supported by the fact that emergency
department presentations to the John Hunter Children’s
Hospital fell during this time period.

The increase in presentations of children and adolescents with
severe DKA at diagnosis of type 1 diabetes during the COVID-19

pandemic is a major concern. Not only is severe DKA life-threat-
ening, but it also requires the use of intensive care beds and re-
sources during a period of potential high demand.

Previous research has shown that delayed recognition of
type 1 diabetes symptoms is associated with DKA at disease
onset °. However, early diagnosis of type 1 diabetes requires
people to have contact with health professionals and pres-
ent to hospitals. Interventions aimed at raising community
awareness of the signs and symptoms of type 1 diabetes have
been shown to reduce the frequency of DKA at diagnosis
13.14, During a pandemic where schools are in shutdown and
many primary care consultations occur via telehealth, alter-
native ways of raising awareness need to be considered. It is
vital that in the eventuality of a subsequent wave of COVID-
19, strategies are implemented in order to avoid a similar
increase in severe DKA. These could include social media
campaigns, traditional media advertising, mailouts or adver-
tising in local primary health services.

This observational study adds to the limited existing lit-
erature describing an increased frequency of severe DKA
during the COVID-19 pandemic. Although this study reports
the experience of a single centre, the John Hunter Children’s
Hospital Diabetes Centre provides care for all children with
type 1 diabetes over the large geographic region of Newcastle
and the Greater Hunter. Our experience during the period of
pandemic restrictions was anomalous in comparison with the
preceding 5 years at our centre. The results reported in this
study are likely to be representative of other Australian ter-
tiary centres, most of which have experienced some degree of
lockdown. Performing similar studies in centres with differing
case rates of COVID-19 and severity of restrictions enacted
would help determine if our experience is universal.



LAWRENCE ET AL.

Limitations of this study include the small sample size,
which precludes stratified analyses and increases the chance
of type II errors. This study is hypothesis-generating; addi-
tional studies that evaluate the reasons for delayed presen-
tations of type 1 diabetes could be used to target campaigns
more effectively to reduce this delay.

In summary, in the present study we report a signifi-
cant increase in presentations of severe DKA in a paediat-
ric population with newly diagnosed type 1 diabetes during
the COVID-19 pandemic when social distancing restrictions
were enacted. This illustrates the need to encourage children
and their families to continue to seek and receive healthcare
for non-pandemic-related health concerns during a global
pandemic.
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